Abstract -AMPERE project aims to the setting-up of an innovative 100 MWp/y full-scale automated pilot line delivering a power module of 390 Wp based on an industrial heterojunction solution with a bifacial architecture (G/G 72-cells). A rapid scale up to 240 MWp/y is planned and a pathway towards the GWp/y factory defined. The implementation of the heterojunction technologies into these industrial manufacturing lines will demonstrate that the production of PV products at a remarkable decrease of LCOE is possible. The project will target an LCOE reduction of at least 15% compared to mainstream PV mc-Si technology.
I. INTRODUCTION
Solar energy is expected to be an integral technology in the creation of a low-carbon future. The Levelized Cost of Energy, LCOE is today the metric largely used by PV sector to quantify electricity generation costs. The LCOE is defined as the average generation cost, i.e., including all the costs involved in supplying PV at the point of connection to the grid. As solar players push to increase their market share, the competition with conventional technologies intensifies. Hence, PV electricity production not only seeks to reach parity with conventional generation sources, but aims to even surpass them on an LCOE basis to compensate for its intermittent nature. A race towards lower costs and higher competitiveness in PV sector has led to a readily decrease of module prices over time as the historical PV Learning Curve teaches. LCOE reduction, among the other important factors, is influenced from the high efficiency of cell and power output of the module. Since the global market for very high efficiency cells is still limited but rapidly expanding growing and building up of new capacities in Europe for high efficiency technology based on high innovation such as industrial heterojunction, might be achieved rapidly [1] , AMPERE, acronym for Automated photovoltaic cell and Module industrial Production to regain and secure European Renewable Energy market, aims to establish the next generation PV technology with cell efficiencies of 23% and 390Wp module power at production level in a 100MWp/y pilot line production; an improvement in efficiency will be achived in the subsequent development of the line to 250 MWp/y soon after the end of project, targeting an average cell efficiency of more than 23.5% and a module output power more than 400Wp. In the contest of the PV high efficiency innovation AMPERE project aims to assure the full value chain sustainability in modules and cells production, with very high quality, high innovation rates, large scale manufacturing and a certain extent of vertical integration for reaching and maintaining a globally competitive position.
Moreover the bifacial solar cells and modules architectures are more than a promising approach to increase the energy output of photovoltaic systems and consequently the LCOE due to its less footprint and manpower due to fewer process steps, efficiency potential up to 26%, bifacial with backside improvement in terms of energy/our and a lower temperature coefficient [2] . Such characteristic will reduce the overall levelised cost of energy to a level competitive with that of the actual mainstream industrial PV technologies multi-crystalline BSF and PERC.
The bifacial heterojunction technology will be scaled up to a more mature industrial level for mass production. The project will be focused on the improvement of PV module power, reliability and durability to reduce the cost needed to fix and maintain PV plant and decrease its operational risks. The metric will be applied on the existing PV module thin film industrial production site of 3SUN (owned by Enel Green Power) in Catania, Italy.
II. AMPERE OBJECTIVES
Silicon heterojunction solar cells can achieve efficiencies more than 26 % as Kaneka has showed recently [3] . However, most of these record cells have been achieved at the R&D scale and even if on mass production several company are working (Panasonic firstly) their production capacity are limited actually mainly due to difficulties in developing high efficiency solar cell industrial production from a site, as well as to high capital cost to build SHJ production line from the other [4] . They are the hard base of the project, where a technology selection process will enable the implementation of the best materials and instruments into the existing industrial production line of 3SUN [7] , which will work as demonstration bed to reach the AMPERE objectives of 23% cell efficiencies and more than 390Wp module power at production level in a high automated and highly innovative 100MWp/y pilot line production and a 15% LCOE reduction.
The end-user of the project is Enel Green Power [8] a leader in the renewable energy production sector operating worldwide. The project operate along with the support of high level European research institutes (CSEM, EPFL, F-ISE, ENEA, CNR) as well as key EU companies covering the whole PV value chain (Norsun, Rise technology, Jonas & Redmann, ERM). The project will target an LCOE reduction of at least 15% compared to conventional PV mc-Si technology.
AMPERE project promise to be competitive with the Premium Market consisting of PERC, IBC and current HJT. AMPERE performance assessment in terms of LCOE is presented in figure1.
Key aspects for European PV market, to compete with mainstream providers, pass through fundamental steps that embrace technological and marketing aspects that AMPERE will purchase, such as:
9 Improve performances without affecting the process complexity to maintain the CAPEX at a limited level 9 Improve reliability towards 40 years lifetime for better LCOE 9 Use of abundant, non-toxic materials 9 Recyclable and low footprint technology 9 Increase market need for the technology 9 GWp factory perspective III. AMPERE OUTCOMES Among the existing solar cells technologies, HJT has demonstrated a large potential to address the above mentioned challenges. Furthermore, the HJT solar module can be fabricated in a bi-facial architecture, further enhancing the electricity production capacity by at least 20% and opening up many market segments [1] . A first breakdown of costs and a draft of industrial plan has been analyzed and settled. It comes especially from the high level of automation and process control inside the innovation transfer that allow a global cost reduction around 30%. Many other factors and technological aspects has been analyzed. The expected cost reduction within AMPERE in its PV value chain comes firstly from the levels represented in subsequent table 1.
As the share of different PV technology approaching the market increases, it is logical to compare electricity generation by the different PV technology sources and calculate the energy price by means of the LCOE: this allows different technologies to be compared on the basis of a simple common data imput. To show the potential of new industrial AMPERE technologies a preliminary evaluation to compare the mainstream and PERC premium technologies with the bifacial heterojunction cell at 23% efficiency expected in the project, in terms of Energy Yield (KWh/KWp) and the corresponding LCOE ($cent/KWp) has been made. The results are summarized in the subsequent figure. The change €/$ has been taken to 1,222. The main assumption under the estimation done are: 2000 KW/m 2 yearly irradiation (optimal for south of Italy), 55 °C module work temperature, 1.5% LID for PERC and for HJ 20% albedo effect and 35 years lifetime system. AMPERE project route will start by modifying and upgrading the preexisting 3-SUN Thin Film silicon PV production line in such a way to reduce CAPEX. The project will follows two complementary routes during its three years of project. They includes the acquisition and installation of new equipment for the manufacturing of HJT bifacial modules and the reuse of part of actual Thin Film production line.
IV. AMPERE IMPLEMENTATIONS
The outcomes of AMPERE Project will be used by 3SUN to implement extended automation for higher volume manufacturing to 250MWp/y, allowing to significantly reduce the final manufacturing costs. The fully automated 250MWp/y will enable Enel Green Power to break into the utility scale market with an innovative and robust technology PV solution. AMPERE project will deliver the roadmap to reach 1 GW production capacity. Increasing to 1GWp scale will reduce the costs. 3SUN has estimated a budgetary cost well under 0.4$/Wp for the Gigawatt factory in which their already existing facilities can work as leverage. There is obviously room for implementations with the prospect of achieving further reductions in LCOE values of 25%; this will be achieved through savings all along the value chain and also as the result of future economies of scale.
The estimation on the value of LCOE estimated in AMPERE comes from internal analysis of the consortium project and based on the prevision for the market development from prime Research Institutes and companies as HIS, Solar Power Europe, ITRPV.
Starting from the results of cumulative installation worldwide in 2017 and the prevision for the next years reported from ITRPV [1] ( showed in figure 4 ) it is evident that considering the impressive growth of the Chines quote in the global PV installation, guided especially from internal market, there is room to fit an aggressive learning curve coming out from the years 2012/2017 ( red line figure 5) towards the TWp cumulative installation soon after the end of the AMPERE project. The objective of AMPERE is a module dedicated to the premium market based on the heterojunction technology with a power delivered of more than 400Wp in the configuration with 72 cells bifacial. This ensure a more energy yeld due to a low temperature coefficient loss (+ 5 % productivity) from one side and from the capacity to deliver power also from the back side of the module (+ 5-15% productivity) from the other. The premium market includes higher cost of production respect to actual mainstream but with a higher capacity to supply energy. AMPERE project will contain the amount of higher cost introducing a very high level of automation and a more efficient heterojunction technology in the production chain. A premium bonus of 30% is expected due to the higher power and higher production yield of the heterojunction technology, with which a value of 0.39 $/Wp for AMPERE module price can be estimated. The cost analysis is based on the metric input of CAPEX, OPEX, automation capex, BOM, a determined model for CoO; the output metric gives values in term of Total Cost of Ownership, Internal Rate of Return, Levelized Cost of Energy. Starting from the actual mainstream, the mc-Si BSF technology, and considering the development of the PERC as future mainstream for the year 2020 and the AMPERE technology for the heterojunction technology, the economic model considered gives for the LCOE the values showed in figure 3 . Considering the scale factory development for AMPERE a lower LCOE of 10% is expected at the end of 2020 and a value of 15% with the subsequent upgrade of line production.
V. CONCLUSIONS
A premium technology with high efficiency, high reliability, low temperature coefficient and consequently low LCOE will be industrialized in Europe, through the AMPERE project. The aim of the AMPERE project is to demonstrate innovative and sustainable manufacturing of bifacial heterojunction modules in a pilot line capable of manufacturing up to 100MW/y. These expected outcomes will be assessed and evaluated as a solid milestone for the viability of a 250 MWp/y production scale factory in 2020. AMPERE will provide investment pathways for the exploitation of the results to support the GW factory of the next 5-10 years.
